Removable partial dentures (RPD) demand specific hygienic cleaning and the combination of brushing with immersion in chemical solutions has been the most recommended method for control of biofilm. However, the effect of the cleansers on metallic components has not been widely investigated. This study evaluated the effect of different cleansers on the surface of RPD. Five disc specimens (12 mm x 3 mm metallic disc centered in a 38 x 18 x 4 mm mould filled with resin) were obtained for each experimental situation: 6 solutions [Periogard (PE), Cepacol (CE), Corega Tabs (CT), Medical Interporous (MI), Polident (PO), 0.05% sodium hypochlorite (NaOCl), and distilled water (DW) control] and 2 Co-Cr alloys [DeguDent (DD) and VeraPDI (VPDI)] were used for each experimental situation. A 180-day immersion was simulated and the measurements of roughness (Ra, µm) of metal and resin were analyzed using 2-way ANOVA and Tukey's test. The surface changes and tarnishes were examined with a scanning electronic microscopy (SEM). In addition, energy dispersive x-ray spectrometry (EDS) analysis was carried out at representative areas. Visually, NaOCl and MI specimens presented surface tarnishes. The roughness of materials was not affected by the solutions (p>0.05). SEM images showed that NaOCl and MI provided surface changes. EDS analysis revealed the presence of oxygen for specimens in contact with both MI and NaOCl solutions, which might suggest that the two solutions promoted the oxidation of the surfaces, thus leading to spot corrosion. Within the limitations of this study, it may be concluded that the NaOCl and MI may not be suitable for cleaning of RPD.
INTRODUCTION
Proper cleaning of removable partial dentures (RPD) is important to maintaining a healthy oral mucosa. Microbial biofilm on tissue and denture surface is a significant cofactor in the pathogenesis of denture stomatitis (1) . Surface roughness may contribute to the positively correlated rate of microbial colonization, the adhesion of microorganisms and biofilm maturation on surfaces (2) (3) (4) (5) .
The roughness of the acrylic resin surfaces is an important factor, since the adhesion of microorganisms to a surface is a prerequisite for the colonization of that surface. Surface irregularities increase the likelihood of microorganisms remaining on the denture surface after the prosthesis has been cleaned (6).
Webb et al. (7) showed that brushing alone is not as effective as chemical cleansing in reducing denture biofilm or in preventing denture stomatitis associated with Candida. Immersion denture cleansers can be divided into 5 classes: alkaline peroxides, alkaline hypochlorite, diluted acids, disinfecting agents, and enzymes (1, 8) . The combination of mechanical and chemical methods seems to be the best choice for denture Correspondence cleaning (8) (9) (10) .
Removable partial denture frameworks are usually fabricated from cobalt-chromium alloys. Because these alloys can corrode or stain as a result of surface contact with the chlorine or oxygen present in some commercial cleansers, RPD wearers must be instructed about the correct selection of cleansing agents for their sanitization regime (11, 12) .
Jagger, Harrison (13) and Peracini et al. (14) observed that the patients do not receive correct professional instructions on how to clean their dentures. They overclean the prostheses, using homecare products, which could cause harmful effects. One of ideal denture cleanser properties is not to cause deleterious effects to the denture materials. It is a critical point when considering the use of the products routinely indicated for complete dentures to clean RPD. The alkaline hypochlorite use in successfully concentration to resin bases can be harmful to the cobalt-chromium frameworks. These undesirable effects can be either tarnish (surface discoloration) or corrosion (surface pitting) (15) .
The roughness of denture base acrylic resin when exposed to denture cleansers has been widely reported (11, 16, 17) . However, little information is available on the influence of denture cleansers on the surface of RPD. In view of the importance of a correct orientation to the patients concerning the more suitable auxiliary cleansing methods, the purpose of this study was to evaluate the effect of different denture cleansers on the surface stability of RPD. The null hypothesis tested was that the effects of the different solutions are not harmful for both alloys.
MATERIAL AND METHODS
The information of the products used in this study are presented in Table  1 . Two cobalt-chromium alloys (Dentsply Ind. e Com. Ltda, São Paulo, SP, Brazil) and (Vera PDI; Aalba Dent. Inc., Cordelia, CA, USA) were used. Seventy disc-shaped wax patterns (12 mm in diameter x 3 mm thick) were obtained using a fluorocarbon resin (Teflon; Dupont, Wilmington, DE, USA) matrix. Thirty-five wax patterns were sprued, invested and casted in each alloy according to manufacturers' instructions. The product informations are presented in Table 1 . After casting, the specimens were finished with 220, 400 and 600-grit sandpaper (Norton Abrasives; Saint-Gobain, Vinhedo, SP, Brazil) in a polishing machine (Arotec, Cotia, SP, Brazil) under water cooling. In order to simulate RPD, the metallic discs were included in heat-cured acrylic resin using moulds previously prepared from a fluorocarbon resin rectangular matrix (38 mm x 18 mm x 4 mm). The disc was positioned in the left side of each rectangular mold and the stone (Densite; Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil) was isolated with a thin layer of separating medium (Cel-Lac; S.S. White Artigos Odontológicos Ltda., Rio de Janeiro, RJ, Brazil) before resin insertion. The cure cycle was made in water at 73°C for 90 min and at 94°C for 30 min. After processing, all specimens were polished under refrigeration in the same machine used for the metallic discs, followed by polishing cloths and 1-µm diamond suspension (Fortel Ind. Com., São Paulo, SP, Brazil). All the specimens were stored in distilled water at 37 ± 1°C for 50 ± 2 h, to reduce the residual monomer.
The specimens were randomly distributed into the 7 groups for each alloy, each group consisting of 5 samples, according to the alloy type and cleansing treatments tested. The initial surface roughness of metal and resin were measured in micrometers in 3 different areas of each specimen by using a surface analyzer (Surftest SJ-201P; Mitutoyo Corporation, Tokyo, Japan) calibrated at sample length of a 0.8 mm, 4.0 mm percussion of measure, and 0.5 mm/s. The mean roughness of each specimen surface was calculated.
Weight was recorded using a high-precision balance (Model A200DS; Denver Instr. Company, Denver, CO, USA) that was calibrated before each measurement. Subsequently to the initial measurements of roughness and weight, the specimens were subjected to the cleaning procedures. The effervescent cleanser solutions were prepared by adding one tablet of each cleanser [Corega Tabs (Stafford-Miller Ind., Rio de Janeiro, RJ, Brazil), Medical Interporous (MST Laboratories AG, Vaduz, Liechtenstein) and Polident (GlaxoSmithKline, Philadelphia, PA, USA)] to 200 mL of warm distilled water (45ºC) as the manufacturers's instructions. The groups were stored in an oven to maintain the temperature. For storage in the solutions, the specimens were positioned in a device developed to this study. The immersions were performed 180 times, following the time recommended by each manufacturer. Each immersion of Medical Interporous required 15 min, resulting in 2700 min of immersion. In the same way, the time indicated to Polident was 3 min, resulting in 540 min and the Corega Tabs group resulted in 900 min of immersion (5 min each). For the mouthwashes -Periogard (Colgate-Palmolive Indústria e Comércio Ltda., Osasco, SP, Brazil) and Cepacol (Sanofi-Aventis Farmacêutica Ltda, Suzano, SP, Brazil) -0.05% sodium hypochlorite and distilled water, the immersion time was fixed in 10 min for each immersion, resulting in 1,800 min. All solutions were changed every 8 h. After immersion in the respective solutions, each test specimen was washed with distilled water for 10 s. Then, the second measurements of roughness and weight were done in the same way as described for the initial measurements. The difference was calculated.
A scanning electron microscope (EVO 50; Zeiss, Cambridge, UK) was used to examine the metal surface changes and tarnishes. Surface composition in these areas of interest was identified using an energy dispersive x-ray spectrometry (EDS) (500 Digital Processing; IXRF Systems, Houston, TX, USA). One specimen of each group was randomly chosen to be analyzed by SEM and EDS after immersion in the cleansers. Also, one specimen was fabricated specifically for the initial analyses because of the gold sputtering (SCD-050; BalTec, Vaduz, Lichtenstein) necessary to provide a better contrast of the specimens, especially in the resin portion.
Statistical analysis was performed using the SPSS 10 statistical software for Windows (SPSS Inc., Chicago, IL, USA). Two-way ANOVA and Tukey's test were used to determine whether there were statistically significant differences of roughness among the alloys and solutions. All data were analyzed at an alpha level of 0.05.
RESULTS
The roughness changes on the metal (Ra, µm) were recorded as the difference between the average of roughness in each period of time (T0 and T1). The analysis showed that the surface roughness was not influenced by the solutions or the alloys. There was no significant difference between the alloys (p=0.25) or among the solutions (p=0.08). Although the surface roughness values increased after the immersions, it was not statistic and also clinically significant. The results are presented in Tables 2 and 3 .
The results of the heat-polymerized acrylic resin were recorded in the same way as the metal roughness. Two-way ANOVA showed no significant differences among the solutions. There was no significant difference between the alloys (p=0.07) or among the solutions (p=0.44). The values are presented in Tables 4 and 5 .
Visual analysis showed that all specimens of the sodium hypochlorite groups, 40% of Medical Interporous/DeguDent and 60% of Medical Interporous/ Vera PDI groups showed dark tarnishes on the metal surface. Scanning electron microscopy (SEM) analysis of the metal was performed before the treatments and after the immersions. It was possible to note general corrosion for the hypochlorite specimens and (EDS) analysis showed the adhesion of the Medical Interporous solution on the surface, which caused spot corrosion ( Figs. 1 and 2 ). The presence of the oxygen ion in a high concentration in these groups identified by semiquantitative analysis could confirm the visual perception of corrosion. In the other groups, no signs of corrosion were detected. No visual changes were detected when the resin part of the specimens was analyzed by SEM.
DISCUSSION
The surface roughness of denture materials is of extreme importance becauase they can affect directly or indirectly the adhesion of microorganisms (2-5). For microbial adhesion to occur, it is necessary a minimal roughness of 0.2 µm, which is the acceptable threshold value (6) .
The aim of this study was to evaluate the effects of 6 experimental solutions on the RPD cleaning. Sodium hypochlorite was used at 0.05% , a small concentration with antimicrobial effect found in the literature (9) . Sodium perborate-based effervescent tablets (Corega Tabs and Polident) were included in the study in order to compare the methods usually studied. In the acid category, a citric acid-based tablet recently introduced in the market (Medical Interporous) was slected, with the indication of use in metallic components with no deleterious effects. Cepacol and Periogard rinsing solutions were also evaluated for their antimicrobial effects (18) (19) (20) . Distilled water was used as control. Two Co-Cr alloys with similar compositions were evaluated with the aim to compare the stability of the alloys. In the current study, there was no significant difference between the alloys and among the solutions when the roughness of the heat-polymerized acrylic resin and the metallic alloys was evaluated. The results of the present study were not in accordance with some studies (17) because the disinfection procedures with sodium perborate did not significantly increase the roughness of heat-polymerized acrylic resin, whereas mean roughness values of all specimens remained relatively close to the threshold limit value. The surface roughness observed after chemical disinfection may have been a result of the combination of the soaking temperature and the oxygen-liberating solution.
Through visual analysis to verify the presence or absence of tarnishes, it was noted that all the specimens of the alloys/sodium hypochlorite groups presented stains of the metallic surface. In addition, 40% of Medical Interporous/VeraPDI and 60% of Medical Interporous/ DeguDent groups have also presented surface spotting. For the other groups the presence of tarnishes was not observed. The tarnishes suggest that corrosion occurred and that the solutions are not suitable cleansers because they were harmful to these alloys.
Complementary analyses by SEM and EDS were used to evaluate the surface texture and permitted a microscopic visualization of the surfaces to identify the deleterious effects promoted by the solutions. As EDS is a surface analysis technique, the peak intensities can be associated with the amount of the elements in the surface neighborhood. In this sense, sodium hypochlorite was shown to have a more pronounced oxidizing effect than the Medical Interporous solution, since the oxygen peak for the sodium hypochlorite/VeraPDI specimen was larger than that of the Medical Interporous/Vera PDI specimen. It could be observed generalized and pitting corrosions in the specimens immersed in sodium hypochlorite. Even in a low concentration (0.05%) as suggested by Barnabé et al. (9) for complete dentures, sodium hypochlorite was capable of causing surface damage (Fig. 2) , in accordance with most of the works found in the literature, which do not indicate its use in prosthesis with metallic components (15, 20, 21) . Although the manufacturer of the Medical Interporous tablets has indicated its use in metallic structures, this tablet led to surface corrosion of the evaluated metallic alloys. It has been observed that such corrosion occurred by the prolonged deposition of the solution on the metal, since rinsing with running water after the immersion, as indicated by the manufacturer, was not sufficient to remove the thin film formed on the specimens (Fig. 1) . It is believed then that the product had a continuous effect over the specimens even after they were removed from the solution. Therefore, the results obtained in this study suggested that the instructions for use should be reformulated not only with rinsing in running water but also with recommendation for brushing after the immersion. If the product were completely removed, corrosion would probably not occur.
The mouthrinses used in this study did not cause any deleterious effects to the denture components. It is important to note that the artificial teeth were not examined and studies have suggested that chlorhexidine may cause tarnishes in these components (15, 21, 22) .
The objective of this study was to use commercial products to be auxiliaries to dentures cleaning and not substitutes to the mechanical method. It was not the intention either to assess the antimicrobial effects of the solutions. The daily investment is also an important factor to be considered. Studies evaluating the capacity of diluted mouthrinses in eliminating microorganisms should be developed in an attempt to offer alternatives to reduce costs to patients.
Within the limitations of this study, it may be concluded that the use of 0.05% sodium hypochlorite and citric acid-based tablets caused harmful effects to the metallic components of the RPD such as tarnishes and spot corrosion. Although these solutions did not cause any significant roughness change in the cobalt-chromium alloys or in the heat-polymerizing resin, they may not be indicated for cleaning of RPD. The other tablets and the mouthrinses were proven suitable for this proposal, when surfaces aspects were tested.
RESUMO
As próteses parciais removíveis (PPR) exigem higienização específica e a associação da escovação com imersão em soluções químicas tem sido o método mais recomendado para controle do biofilme. Entretanto, os efeitos destas soluções não são amplamente reportados em componentes metálicos. Este estudo avaliou o efeito de diferentes agentes de higienização na superfície dos componentes de uma PPR. Foram confeccionados 5 espécimes (disco metálico de 12 x 3 mm centralizado em uma tira de resina com 38 x 18 x 4 mm) para cada situação experimental: 6 soluções [Periogard (PE), Cepacol (CE), Corega Tabs (CT), Medical Interporous (MI), Polident (PO), hipoclorito de sódio 0,05% (HS) e água destilada (AD) como controle)] e 2 ligas de cobalto-cromo [DeguDent (DD) e Vera PDI (VPDI)] foram utilizadas para cada situação experimental. Foram simuladas imersões de 180 dias. As aferições de rugosidade (Ra, μm) tanto em porção metálica quanto em resina acrílica termopolimerizável foram submetidos ao ANOVA e ao teste de Tukey. As alterações superficiais e manchas foram examinadas por meio de microscopia eletrônica de varredura (MEV). Áreas de interesse foram submetidas à espectrometria por energia dispersiva por raios X (EDS). Visualmente, puderam ser verificadas manchas nas superfícies metálicas quando utilizados HS e MI. A rugosidade dos materiais não foi afetada pelas soluções (p>0,05). As fotomicrografias evidenciaram que HS e MI ocasionaram alterações superficiais. As análises de EDS revelaram a presença de oxigênio nos grupos HS e MI, o que pode sugerir que estas duas soluções causaram oxidação das superfícies, provocando pontos de corrosão. Dentre as limitações do presente estudo, pode-se concluir que estas soluções não são apropriadas para a higienização das PPR.
